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FOREWORD

Form-fitting suits for the thermalibrium concept and the EOD
(Explosive Ordnance Demolitiorn) protective system are requlred to reduce
tte weight and complexity of fabricating techniques and to increase the
re.iability of the protective systems.

One approach in meeting these requirements is the development of a
lightweight, two-way stretch, butyl-coated fabric to be used as one of
the layers of the proteciive clothing. The coated stretch fabric is not tc
exceed an overall weight of 11.0 ounces per square yard while allowing for tthe
optimum physical and ctemical warfare agents protective properties.

Under the guidance of Prcject Officer Joseph E. Assaf, U. S. Armv
Natick Laboratories, the processing studies and the development of a
technique for the application of butyl compounds to a lightweight, two-way-
stretch nylon substrate described in this report were performed by the
Rhee Elastic Division of Rohm and Haas Co. through contract number
DAAG 17-67-C-009. Chemical warfare agents penetration tests on the butyl-
coated fabric were conducted by Edgewccd Arsenal, Edgewood, Maryland.
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ABSTRACT

This study was directed toward the development of a technique for
the application of muiviple thin layers of butyl rubber o.a a stretch nylon
substrate. Since the films of butyl, being of the order of about 1 mil
each in thickness, were too thin to calender, a transfer coating technique
was considered the best approach, although some consideration was given to
the possibility of direct coating. Transfer coating was accomplished by
knife-coating a thin film of butyl rubber from a (33% solids) cement on
to release paper, drying the film, and then transferring the film from the
paper to the fabric by passing film and fabric between doubler rolls.
Several problems were encountered with this method but the most serious was
extensive shrinkage and loss of warp stretch in the fabric #hich resulted
largely from excessive handling. Several variations in the process designed
to minimize fabric handling were explored. The present, and most successful,
of these may be described briefly as follows:

Instead of each coat being transferreld individually to the fabric,
all of the coats are applied to the paper. The fabric is applied on top of
the last coat (while the film is still wet) and the entire combination of
fabric, film and paper is subjected to the vulcanization process. The
release paper is peeled off the coated fabric after vulcanization.

iv




DEVELOPMENT OF A
LIGHTWEIGHT BUTYL-COATED STRETCH FABRIC

1. Introduction

The object of this study was to develop the lightest weigit possible
in a butyl rubber-coated, two-way stretch fabric where the rubber film is
continuous and inpermeable to chemical warfare agents and the total weight
of the coated fabric does not exceed 11.0 ounce per square yard.

There were three general approaches tc the objec*ive. These were
(1) calendering, {2) knife-coating from a butyl cement directly on to the
fapric and (3) transfer coating. (It is possible, =f course, that some
combination of these techniques also could be employed).

Considering the nature of butyl rubber, the type of coating desired
and prior calendering experience, the calendering methcd appeared to be
the least attractive approach. The only way that a satisfactory coating
could be effected by calendering would be by a two-ply technique. This
would require considerable experimentation since the heaviest films to be
calendered would have a thickness of four mils.

The requirements of this product, it was felt, cculd best be met by
multiple applications of relatively thin coats. For this method the knife-
coating techniques (2 and 3 above) are much better suited.

2. Discussion

a. Selection of Fabric

Stretch nylon was considered to be the fabric most suitable for the
type of product desired. Based on considerable experience in applying
coatings of one kind or another to various types of fabrics, including
stretch nylon, it was felt that this fabric offered the best combipation
of stretch, weave and weight characteristics, although spandex fabrics
were also consi.lered.

All of tne fabrics used in this study were a Jersey knit stretch
nylon made on a circular knitter. The chief criteria for selection of the
fabrics were: (1) The weight, (2) the stitch size or tightness of the
weave and (3) the stretch qualities. These are summarized in Table I.




TABLE I -

FABRICS USED IN STUDY

Type Height2 Stretch?
Style Yarn Stitch O0z/yd Warp Fill
#1 Single ply 70 dr. stretch open 3.0%0.3 260% 320%
nylon
S - Torque
Z - Torque
#2 Same as #1 tight 3.0%0.2  140%  300%
’-
£3 2 ply, 40 dr. stretch nylon " 2.8-0.3 120% 300%
#u 2 ply, 70 dr. stretch nylon  med.  u4.0f0.4  160%  300%
’-
#5 2 ply, 70 dr. stretch nylon tight 3.0-0.3 90% 300%
b. Butyl Rubber Compositions
Before beginning the study, representatives of the Enjay Division .

of Humble 0il and Refining Company were contacted for recommendations
regarding the type of butyl rubber to be used for maximum resistance to

chemical warfare agents and for compounding formulations appropriate for

coating applications. Butyl 365 was the type recommended and the formulations
exnined in the course of this study are shown in Table II.

1
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Butyl 365:

Dixie Clay:

Diethylene Glycol:

Zinc Oxide:
Zinc Stearate:
Petrolatum:
Ceresin Wax
Pennac TM-526
MBTS:

Sulfur

Sulfasan R:

531 Yellow Powder:

S47 Green Powder:
507 Red Powder:
Pelletex (Black):

TiO
Total

Raw Materials

TABLE II
FORMULATIONS
O _I-B I _II-B 111 v
00.0 00.0C 100.0 199.0 1060.0 100.0
120.0 12G.0 30.0 30.0 90.0 105.¢C
3.0 3.0 3.0 3.0 3.0 3.0
10.0 10.0 106.0 10.0 10.0 10.C
3.0 3.0 3.0 3.0 3.0 3.6
5.0 5.0 5.0 5.0 5.0 5.0
5.0 5.0 5.0 5.0 5.0 5.0
1.5 1.5 1.5 1.5 1.5 1.5
2.0 2.0 2.9 2.0 2.0 2.0
1.25 i.25 1.2% 1.25 1.25 1.25
1.25 1.25 1.25 1.25 1.25 1.25
None 3.0 None 1.50 3.¢ 2.0
None 1.24 None 0.62 1.24 1.24
None 1.80 None 0.30 1.80 1.EQ
None 0.30 None 245 .90 0.90
Nerne 4,00 None 2.00 4.00 4.00
252.00 262.94 162.0C 167.57 232.94 247 .94

Mixing Cycle for Preparing the Butyl
Compositions

Butyl Composition III

Enjay Butyl 365
Dixie Clay
Diethylens Glycol

Zinc Oxide

Weight(1lb) Mixing Procedure
100.G0 Break
90.00 Add Wax
3.00 Add clay, sizarate,)
Ti0, )
10.00 Glycol & Petrolatum)

o it A kg B B

Time (Min.)

0
6

20



TABLE II - Cont'd

Raw Materials Weight (1b) Mixing Procedu.. Time (Min )

Zinc Stearate 3 00
Petrolatum 5.0C Add Thiram, MBTS,) 60
Ceresin Wax 5.00 Sulfur and Sulfasan R)
Pennax TM-526 1.50
MBTS 2.60 Add Zinc Oxade bl
Sulfur 1.25
Sulfasan R 1.25 Cut end Blend Tl
531 'ellow Powder 3.00 Add Colors 73
S47 Green 1.24
507 Red 1.80 Cut Qut
Pelletex 0.90
Ti02 __&.00

232.94

MillTemp: 66°F

Comments: Went to back roll on
break. Mixing continued there.

Some sticking to roll on addition of
colors Colors should be master-
batches

Preparation of the Coating Cement

The solubility of the butyl compound in hydrccarbon solvents, such as
toluene and xylene,was readily established by laboratory experiments. A
33% total solids solution in either xylere or toluene provided a suitable
combination of solids level and spreadable viscosity. All of the compounding
ingredients were first mixed with the butyl polymer ising the plant 100-inch,
2 roll mill. The thoroughly mixed compound was then dissolved in the solvent
by stirring for approximately 4% hours with a Fony mixer (the cements were
never prepared by charging the butyl polymer and compounding ingredients along
with the solvent at the Pony mixer).

Preparztion of Anchor ("Papi'") Coating Cement

T> thel00.0 pounds of the v:gular butyl cement, prepared as described

abeve, was added 3.0 pounds ¢: Upjohn's polyphenyl polymethylene isocyanate
(npapin).

Slab Cures cn Butyl Composition III

A series of time/temperature press-curing cycles was run on the rubber mix
alone (without fabric) for compositions IB and III to develop a correlation
between the time/temperature cycles, and te determine optimum cure and the
nature of the cure curve (i.e., whether the properties fall on a plateau and
whether or not reversinn takes place on overcure) The data, presented below,
indicate that while there is a slight drop in tensile as the cure becomes
tighter, the other properties (modulus and elongation) tend to level off fairly
well and nc actual reversion takes place. 1In short, both compositions are
considered as relatively flat curing. (See Table [II)

4§
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TABLE iII

PRESS CURING OF COMPQOSITIONS III AND IB

. Curing Conditions Tensile Break
Gage Modulus(psi) Strgth. Elong. Set
. Time (Min.) Temp. (°F) Inches 200% 500% psi $ %

3 ——

BUTYL COMPOSITICN III

120 245 0.0263 275 545 1920 810 115

120 2u5 0.0257 289 5990 1940 820 115

:i 180 245 0.0255 345 800 1880 740 1io0
3 180 245 0.02%2 335 790 1350 720 1n5
240 245 0.0282 355 890 1780 630 110

240 245 0.0292 355 900 1740 670 100

120 260 0.0282 340 830 188¢C 700 112

120 260 0.0271 350 900 1950 710 113

il . 180 260 0.0271 415 1080 1680 600 96
" 180 260 0.0268 k20 1100 1700 600 98
. 240 260 0.0201 450 1250 1540 570 Qi

240 250 0.0395 460 1240 1660 590 96

20 320 0.0241 405 1080 1800 620 100

20 320 0.0260 u05 1100 1850 640 102

30 320 0.0236 L4yo 1280 1620 560 85

30 220 0.02u6 440 1280 1650 570 90

50 320 0.0293 440 1240 1620 5590 81

50 320 0.0298 Lun 1300 1646 560 81

BUTYL COMPOSITION IB

120 2690 0.0287 390 950 1730 680 130
120 260 0.0291 390 910 15¢€0 660 120
180 260 0.0272 455 1180 1580 600 115
1890 260 0.0258 450 112C 1620 610 115
. 240 260 0.0272 L85 1160 1540 580 105
240 260 0.0276 4390 1200 1520 580 106




Calendering of Butyl Rubber

The only experiment done with calendering of uutyl was based on a haghly
loaded composition< and was run on a laberatory scale calender It is
generally felt that finer quality calendering is more obtainable with this
2pparatus than on the production size unit (hence, even success at this level
is no assurance that the composition is suitable for large scale calendering)
In this run we were unable to obtain a continuous sheet any finer than about
20 mils—due largely to the inherent sc “tness of this particular formulation.
Ordinarily we would expect to be atle to calendur sheets as fine as 4-5 mils
thick. It was felt at this point that a wide variety of compositions would
have to be explored and possibly much tighter teimperature con*rol maintained

before any hope of obtaining a substantially thinner continucus sheet could
be entertained.

C Variables Studied in the Transfer Frocess

At the outset of this work tne following variables were seen as those
requiring most immediate definition:

Choice of fabric type

Optimum {total) coating weight of the fabric

Optimum film thickness for each coat.

Drying conditions (1.e., oven temp. vs. dwell time).
Whether or not an 'anchor coat'" would be required.

Most suitable solvent for the cement

Effect of loading (clay) level in the butyl composition

N FEWwN -

(1) Fabric Study

In the initial work w1t§ the transfer process, the fabric used
was a lightweight (ca. 3.020 3 0z/yd“), ioosely woven stretch nylon having
excellent stretch characteristics in both warp and fill directions. This
fabric was designated as Style #1. Regardless of the measures employed tc
minimize the tendency, the coated Style #l1 invariably exhibited numerous
"pin holes” thrcughout the entire length and breadth of the sampies Running
data for the variables studied in the coating proces: are presented in Table
IV (Runs 1 through 21). Variations in the technique of applying the fiim to
the fabric were studied in Runs 23 through 28 {Table VI). It soon became
obvious that Style #1 was rut suitable for the reguirements of this product
and attention was then shifted to Style #4  This fabric lent itself much more
readily to coating with turyl film as evidenced by the better film continuity
and absence of "pin holes" in: the vul:anized product. At the same time,
however, it was a 25% heavier weight fabric and this, it was felt, was highiy
undesirable and should be avoided Furthermcre, it wes not the weight of the
Style #u4 fabric per se that made it more adaptable to coating but the fact
that a “tighter" stitch was employed Following a discussion of this problem,
several experimentai fabrics were submitted for testing. These were Styles
#2, 3 and 5 (See Page 2 for a description of these fabrics). In the coating

2. Designated as Dutvi Composition I.
6
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runs that focllowed, it became apparent that Style #5 was unsatisfactory because
of the inherently poor stretch qualities, although it coated satisfactor:ly.
Style #3 was judged undesirable for further study because 1t was somewhat
similar to Style #! in hanaling characteristics, being too easily stretched

and subject to "pin hole" formation. The stretch characteristics cf Style #2,
after coating, left something to be desired, but it was fvlt that this was

the result of improper handl.ng of the fabric and could be eliminated or
minimized with further study. Except for this deficiency, Style #2 was
considered to provide the best all-round combination of properties for use

as the base fabric and all runs from No. 21 on were conducted with this fabric.

(2) Optimum Coating Weight

One way of defining optimum coating weight would be: lightest
weight coating that will still provide satisfactory prctection as ind:cated
by resistance to penetration by chemical warfare agents. The results obtained
in the "100-yard" sample runs (Tables VII and VIII) by simple inspection,
however, indicated that the lightest weight fabric (ca. 8 oz/yd? total weight)
definitely would not afford adequate protection against chemical warfare
agents Close inspecticn of the fabric over a lighted table showed numerous
"pin holes" throughout the fabric. The medium weight (ca. 19 oz/yd? total
weight) fabric was "border line" showing occasional pin holes The heavy
(ca. 11 oz/yd2 total weight) fabric had relatively few pin holes (which were
marked during inspection) and, on this basis, was selected for applicaticn to
the 500-yard sample.

(3) Optimum Thickness for Each Coat

Film thickness studies showed that a uniform film of butyl as
thin as 0.5 2ils (dry) could be applied and readily transferred. It was
noted, however, that prolonged running at this thickness tended to give rise
to "bare streak" defects in the film which, in turn, apparently resulted
from butyl "skin" snagging on the knife blade at the low setting. A certain
amount of this type of occurrence seems to occur at almost any knife setting
but Jdoes tend to become mecre frequent as the knife setting goes down  The
objective, in general, was to lay the films as thin as possible--usually about
1/2 to 1 mil each to provide the maximum number of cocats for any one weight
level. Note that in Run 29 (Table VII) a total of four coats gave a product
averaging about 9.55 ounce per square yard, while in Run #3C the same number
of coats gave only 7.6 oz/yard2 because most cf tha coats were thinner.

(4) Drying Conditions

The importance of driving off all of the solvent from the butyl
film was never underrated. The only question was the criterion to employ as
a means cf characterizing the films in this regard. In the early work
(Runs 3, 4 and 5, Table IV), sampies of the dried film were tested on a
moisture balance and the results indicated that with three units operating at
150°F the films were tree of residual solvent

"




(5) Anchor Coataing

toom previcus experience with other rubber-coated fabric systems,
it was though* that an "anchor ccating" might at least be desirabie, 1f not
actually mandatory, for good f:iim-to-fabric adhesion  Geod adhesion 1is
generally obta nable through the addition of a polyfunctional 1isocyanate
"Papi" to the cement and it was felt that 4 similar treatment could be
employed in the butyl system 1f experience so indicated Adhesion data
(Table V) show that without Papi the adhesion was rather erratic, varying
from 4.5 lbs/Z2-inch to "infinite" with many of the samples being in the
"too low" range, namely, less than 8.0 lbs/Z-.nch The addition of Papi
(samples 1 and 9 of run No. 20-Table V1) brought the adhesion level to the
range of 8-11 pcunds per 2 inches of width which was considered adequate

(6) Most Suitable Sclvent for the Cement

Xylene is a slight preference cver toluene as a sclvent . .~ the
butyl cement Xylene 1s less volatile but toluene cements were noted to
have a tendency to "skin over' which led to defects 1in the fiim when the
skin would snay on the kn:fe blade

(7) Effect of Loading (Clay) Level in the Butyl Compound

A lcw level of loading (i e , abcut 30 parts clay per 100 parts
butyl polymer (Jutyl Comp II)) gave a soft and still slightly tacky film
even after cuiing. This type of composition tended to adhere to the
silicone paper used for interleaving“ and resulted in a fi.m having a
relatively rough surface. A clay loading in the range 9C-105 parts gives a
considerably more uniform surface. Butyl Comp. III (30 parts clay) appears
to be abouv optimum; 105 parts clay (Butyl Comp. IV) resulted in reduced
"pick up" by the fabric in the transfer operaticn

3 Taest Methods

a Adhesion

For the first 19 runs (i.e., the first & months work), the following
test procedure was used:

l-inch % 6-inch strips were die-cut from a sample of the product
and a small {ca. 1/4") length «f the film peeled from the fabric. T1im and
fabric were then clamped in separate jaws of an Instron testing machine and
the pounds pull required for delamination of the strip recorded with the
machine pulling at the rate of two inches per minute Adhesion values were
expressed in pounds per inch of width and the average of five determinations
was recorded as the adhesion

3The crated fabric was wrapped around a cylindrical cardboard ccre with
Carter Rice's 60 1lb silicone paper as an interleaving release paper in order

to prevernt adhesion of the butyl film to the reverse side of the fabric during

the curing process
8
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For the remainder of the study (runs 20 through 37), the adhesion
was determined in accordance with Test Methcd No. 5970 outlined in Federal
Specification CCC-T-1916, entitled Textile Test Methods - dated 15 May 1951.

b. Overall Weight

Test Method Wo. 5041 of Federal Specification CC2-T-1916, dated
15 May 1951 and entitled Textile Test Methods, was used for all weight
determinatiocns.

Test Method No. 5020 of Federal Specification CCC-T-1916, dated
15 May 1951 and entitled Textile Test Methods, was used fcr all width
determinations.

d. Breaking Strength and Elongation at Break

All samples were tested in accordance with Test Method No. 5102 of
Federal Specification CCC-T-1916, dated 15 May 1951, entitled Textile Test
Methods.

e. Tear Strength

All samples were tested in accordance with Test Method No. 5134 of
Federal Specification CCC-T-1916, dated 15 May 1951, entitled Textile Test
Methods.

f. Modulus at 50% Elongation

The following method was used: A test specimen 2 x 3 inches was
inscribed with a l-inch gage length and tested on an Instron at a speed of
5 inches per minute. The specimen was stretched to 75% and then immediately
relaxed. The sample was stretched again and the number of pounds recerded
w#hen the elongation reached 50% (or when the one-inch gage marks were 1 1/2-
inches apart).

g. Low Temperature Resistance

Foo Runs 1 through 19, samples were tested in accordance with Test
Method No. 5874 of Federal Specification CCC-T-1916, dated 15 May 1951, and
entitled Textile Test Methods. For Runs 20 through 32, an 8 x 8" sample was
placed in a cold box for 30 minutes, tinen (while still in the box) folded over
with the coated side up and rolled with a l0-pound rcller, and examined f r
cracks or other signs of failure. If none were visible, the temperature of
the box was lowered another 3-5°C and the test repeated until some failure
oncurred. The fallure temperature and the immediately preceding passing
temperature were recorded.
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h. Hydrostatic Resistance

All samples from Runs 20 through 32 were tested in accordance with
Test Method Ne¢ 5512 of lederal Specification CCC-T-1916, dated 15 May 1951
(Textile Test Methods) A Mullen tester was used Runs 1 through 19 were
not tested for hydrostatic resistance

1 Alter-Strength of Coating

Runs 1 through 19 were not tested for after-strength of the coating.
Runs 20 through 32 were tested in accordance with the procedures described
in Test Method No 5972 of Federal Specif:ication CCC-T-1916, dated 15 May
1951, and entitled Textile Test Methods.

) Resistance to CW Agents Penetraticon

The chemical warfare agents penetraticn tests were conduated by
Edgewood Arsenal in accordance with the following test methods outiined 1n
MIL-STD-282, dated 28 March 1936: Tilter Units, Protective Clothing, Gas-
Mask Component: and Related Products: Performance Test Methcods:

Mustard - Method 204.1 1 - Mustard Resistance of Impermeable
Materials {Static-D:ffusion Method)

GB - Method 2G6.1 1 - GB-Vapor Resistance of Impermeable
Materials (Stat:ic-Diffusicn Method)

4. Experimental Procedure

For Runs 1 through 22, the butyl film was knife-coated on to Stripkcte
AR buff/white, a one-side release paper, from a 33% solids cement and
immediately passed into the drying over at a rate of about 1C feet per minute
On emerging from the oven the film passed fcr about 5 yards over idler rclls
to the d~ubler unit. Lxcept for Run 22, the fabric was applied to the dry
film iu the area between the dry end cof the oven and the doubler umit  Fabric,
butyl film and paper then passed through the bive of the doubler rolls (the
top roll of which was heated to about 175°F) &t 2 pressure usually of 80 pecunds
per lineai inch--whereunon the softened butyl film would adhere to the fabr:ic
The butyl-coated fabric would emsrge from the bite and be wound up on one
roll and the paper, now essentially fres of any butyl film, wound up cn
another roll. This process was repeated for each and every coat applied to
the fabric for Runs 1 through 21 1n Run 22, the fabric was laid on the wet
film at the "wet" end of the over-for the first coat only-and traveled the
length of the oven alcng with the film *to obtain more intim:.2 contact
between the butyl film and fabric  All other coats were then epplied by the
transfer process as described above This procedure was abandcned because
of cccasional difficulties encountered in obtaining satisfactory release of
the film from the paper S:znmificant shrinkage and loss of stretch with
coated fabric also sccusred.

10
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Run 23

For the first coat, the butyl cement (containing Papi) was knife-coated
on to a 60-1b. silicone duplex release paper. The fabric was laid on the
wet film at a point just beyond the knife paper. Film and fabric then passed
together through the drying oven at about 10 feet per minute. On emerging
from the oven, the fabric, film and paper passed between the doubler rolls
(upper roll steam heated to 175°F, lower roll uaheated) where the butyl-
coated fabric was parted frum the paper. Both paper and coated fabric were
wound on separate cores.

For the second, and all subsequent coats, the butyl film was applied to
the paper and dried in the same manner as the first coat. The fabric, however,
was not brought into contact with the film until after it emerged (dry) from
the oven. At a point just before entering the doubler, the fabric was laid
against the film and then the film, fabric and paper again underwent tha trans-
fer operation in the same manner as the first coat. Extensive shrinkage and
luss of stretch in the »roduct continued to occur during the coating operation.
It was concluded that some means of either minimizing handling of the fabric
or of securing it so that it would resist shrinking would have to be introduced.
The latter technique was investigated in Run No. 2u.

Run 24

In this run, canvas duck coated with uncured rubber was employed as a
carrier or anchor fabric in an effort to prevent or minimize shrinkage of the
Style #2 fabric during the transfer coating operation. (This is a technique
which has been successfully employed in other coating operations where the
objective is to apply a coating to a stretch fabric without taking any of the
stretch out of the fabric). Style #2 (l0-yard length, 18" wide) was inter-
leaved under tight wripping conditions on the canvas duck. This operation
combined with the "tacky" character of the rubber film was sufficient to
provide a reasonably tight bond of Style #2 to duck. A bond that is too
tight is not desirable as it tends to cause loss of strztch in the coated
tfabric when it is stripped off the carrier cloth.

The Style #2 fabric was coated in the same manner as in Kun 23 with the
exception, of course, that the fabric in this case was bonded to another
fabric. Both fabrics went through the oven together and it was noted that
once inside the oven the Style #2 came unbonded from the carrier fabric.
This, of course, completely nullified the effect of the carrier cloth and
the usual fabric shrinkage occurred. In addition, considerable tandling
problems cccurred during the doubling operation because of the preserce of
the heavy canvas duck and numerous creases were introduced. After two
passes through the oven, the run was aborted and the "carrier cloth"
approach was abandoned.

11




Runs 25 throuph 28

The 60-pound silicone (duplex release) paper was coated and the film
dried to pive a 1-mil “ry film on paper. The btutyl-coated paper was then
rolled up, brought back to the feed end of the unit and a second l-mil coat
applied and dried over the first coat. This operation was repeated until
one less than the number of ccats desired was on the paper  The last ccat
was a Papi-containing coat and the fabric (Style #2) was laid on top of the
wet film and both film and fabric went through the oven togfether. After
emerging from the oven, the fabric, film and paper were passed hetween the
doubler rolls where the transfer operation was carried out in the usual
manner. The ccated fabric was wound on a cardbecard core and cure’™ 97 minutes
at 300?? in a circulating air oven, then dusted with Italian Talc No, EGT EXTRA
0000C. 7

The concept of applying all the butyl coats to the paper and then ti :ins-
ferring the entire coating, in one operation, to the fabric had been considered
much earlier in the study--at the time when the Stripkc. paper was being used.
The heavy character of the paper, however, made roll-up without creasing
virtually 1mpossible and this approach was temporari.y shelved until experi-
mentation with the lighter weight silicone paper was begun (Run 23)

Runs 29 through 37

The 60 pound silicone (duplex release) paper was coated and the film
dried to give 0.5 to about 1.25 mil £ilm on paper. The butyl-coated paper
was then rolled up, brought back to the tced end of the unit and a second
0.5 to 1.25 mil coat applied and dried over the first coat. This operation
was repeated until one less than the number of coats desired was on the paper.
The final coat wac a Papi-contairing cos* and the fabric (Style #2) was laid
on top of the wet film and both film anu fabric went through the oven rogether.
After emerging from the oven, the fabric, film and paper were wound on the
vulcanizer drum (the diameter of which 1s 40.C inches) witnout previously
being subjected to a transfer operation as in Runs 25 through 28. The drum
was then placed in a radic frequency vulcanizer and vulcanization was carried
out at 300°F for 90 minutes under 30-pound nitrogen pressure. The 40-minute
vulcanization time wdas measured from the time at .hich the temperature of
the mass actually reached 300°F. The temperature at the start of the vulcan-
ization was about ro.m temperature or slightly above and the 'rise time"
varied from 45 minures to one hour, so that the total time in the vulcanizer
for the camples was abcout 2-1/4 to 1-1/2 hours. After removing tha drum from
the vulcanizer, the silicone release paper was peeled from the rubber surface
of the fabric and tire surface of the rubber was dusted with No. EGT EXTRA
00000 Italian Talc.

“ Supplied by Whitaker, Clark and Daniels.
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Transfer Coating Equipment

(1) The coater is a knife over roll type. The knife itself is
constructed sov that the how can be varied in order to accommodate
different width coatings (compensates four edge effects due to flow
of tke wet film).

(2) The drying oven is steam-heated, parallel air flow having four
temperature zones, all of equal length. The overall length of the
oven is 15C feet and the belt (paper) speed can be varied between
0 and 50 ft/min.

(3) The doubler unit is basically two rolls, each 80 inches long.
The top roll is a heated steel roll, 12 inches in diameter. The
bottom roll is a hard rubber roll (€5 Durometer) which usually is
not heated. The roll pressure is variable between 0 and 80 pounds
per lineal inch of nip.

Curing Equipment a-d Procedures Followed

Details on the constructicn and operation of the radio frequency
vulcanizers in use at the Rhee Division may be obtained by consulting
U.S. Patents 2,703,436 and 2,743,479. The chief advantage of radio
frequency over the conventional steam cure is that a considerably
greater rass of rubber can be cured with a higher degree of uniformity.
The high-frequency electric field penetrates the enrtire mass of rubber
and raises the temperature thereof uniformly. Around the outside of
the rubber the air temperature is brought up at the same rate as the
mass temperature through the use of steam coils, so that at any one
time within the vulcanizer there are no large temperature« differentials
that might result in over-curing some areas and under-curing others.

The rubber/fabric laminate is wrapped on specially constructed drums
(silicone paper is generally used as an interleaver) which rotate
slowly within ine vulcanizer du.,ing the curing period.

The small samples (5 yards or under) run in this study were cured

in a circulating air ¢ 2n (in the laboratory) because they were

much toc small tc be cured via R. F. equipment. The samples were
wrzpped around a cardboard core 3-1/2 inches in diameter with 60-
pound silicone paper as interleaver, and heated in a circulating air
oven for 20 minutes at 320°F. Except for the uniform quality of the
cure, where large quantities of rubber are invoclved, there is
essentially no difference between the characteristics of butyl rubber
cured in a hot air oven and that cured in the R. F. vulcanizer. Runs
17, 23, 27, 29, 30, 31, and 32 through 37 were w2ured in the R. F.
rulcanizer - all others in a circulating air oven.

13
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Various techniques for effective use cf the transfer method of applying

1

thin films of butyl rubber to fabric were explored. These includeld:

a.

¥nife-coating a thin film of butyl rubber from a solvent cement on

to release paper, drying the {lm, and then transferring the filn

to the i1abric by laying the fabric on top of rhe dry rilm and passing
film and fabric between heated "doubler" rolls. This process was
repeated as many times as the number of films applied to the fabric.

Technique similar to (a) above except that for the first pass only
the fabric was applied to the film while the latter was still wet
Fabric and film traveled through the drying oven together and then
passed through the doubler unit where the film transferred to the
fabric. All subsequent coats were ipplied by the method described
in (a) above.

Use of (uncured) gum rubber-coated canvis as a carrier fabric to
provide a semi-rigid substrate for the fabric to be coated. This
was tried as a means of minimizing shrinkage and creases freguently
introduced in handling the fabric. The coating process itself was
otherwise similar to (b) above.

Thin (about 1/2 to 1.0 mil dry) films of the butyl composition were
successively applied to the release paper until one film less than

the total coating level desired on the fabric was on the paper. With
the application of the final coating, the fabric was also applied to
the wet film. Film and fabric were then dried together and passed
through the doubler unit where the film transferred tc the fabric

This process gave far better results as regards shrinkage and creasing
of the fabric than any of the previous processes. After transfer,

the fabric wa:; wrapped on a drum and cured in the R. F. vulcanizer.

Thin (ca. 1/2 to 1.0 mil dry) films of the butyl composition Were
successively applied to the release paper until one film less than
the total coating level desired on the fabric was on tue paper. With
the application of the final coating, the fabric was also applied to
the wet film. Film and fabric were then dried together as in the
process described in (d) adove, but on emerging from the oven there
was no transfer operation. Instead, fabric, film and paper were
wound on the curing drum and the composition cured in the R. F,
vulcanizer. The silicone release paper was removed from the coated
fabric after the curing operation.

14
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7. Conclusions

The objective of this study appears to have been attained with the process
as exemplified by Runs 29 through 37. In principle, certainly, the process
is applicab’ 2 and no great obstacle to its practical application is apparent
at this time. Experience t. date with the process has, however, been limited
only to these five runs, and the presence of a few "pin holes" in isolatud
portions of the fabric suggests that ~erhaps an additional drying step for
the butyl films may be desirable. Other modifications of the process may,
of course, also be indicated as more running experience is accumulated, but
the overall picture as regards the ability to produce large (viz. 10,000 yards)
quantities of the product is a very optimistic one - there is no significant
deterrent at the present time.
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APPENDIX

Identification of Abbreviations and Trade Names

Trade Desigration

Ceresin Wax

Dixie Clay
MBTS (Accelerator)

Pelletex

Pernac TM-526

Sulfasan R

531 Yellow Powder
547 Green Powder
507 Red Powder
Stripkote AR
Ti0,

Zinc Oxide

Sulfur

Diethylene Glycol

Zinc Stearate

Composition

Ceresin wax, natural or
synthetic

Kaolin, hard clay
Benzothiazyl disulfide

Carbon black in
velletized form

Mixed (methyl and ethyl)
tetraalkyl thiuram
disulfide

4, 4' Dithiomorpholine
Crganic Pigments
Organic Pigments

Organic Pigments

Release paper, silicone
coated, one side only

Titanium Dioxide
Anatase Type Al68-L0

French process Zinc Oxide
Kadox 15

Refined natural Sulfur
RM Qg

Diethylene Glycol

Zinc Stearate

29

Manufacturer

Akron Chemical Co.

R. T. Vanderbilt Co., inc.

American Cyanamid

Godfrey L. Cabot Inc.

Pennsalt Co.

Monsanto Chemical Co.

~

Disco Co.

NDisco l&.
Disco Co.

S. D. Warren, Co.

Titanium Pigment Co.

Nesi Jersey Zinc Co.

HM Royal Inc.

Allied Chemical Corp.

H £ S Chemical Co.
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